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Scope of Research

We are developing cutting-edge high-intensity laser sources and studying experimental research on the laser interaction
with matter by using the new laser sources. We are promoting cross-disciplinary research based on high-intensity laser
technologies such as development of high-intensity mid-infrared solid-state lasers and fiber lasers, research on particle
acceleration and wavelength conversion with plasmas produced by high-intensity ultrafast lasers, development of laser
isotope separation method for neutrino research, and search for dark matter using high-intensity lasers.
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Topics

Collaborative Development of Compact
High-Power Femtosecond Lasers for
Micromachining

In the recent industrial field of automobiles, semicon-
ductors, medical equipment, etc., it is required to develop/
supply products with higher performance and smaller sizes,
and accordingly, downsizing their components is also re-
quired. For this purpose, one of the crucial technologies is
microfabrication on the order of several tens of microns for
metals, ceramics, resins, glass, and their composite materials.
Recently, ultrafast lasers, which have extremely short pulse
durations of picoseconds to femtoseconds, are expanding
their use in a wide range of fields as crucial tools that en-
able high-speed and precise microfabrication. Currently,
with the rapid growth of the laser microfabrication market,
the global market size for ultrafast laser oscillators has
reached 420 billion yen in 2018 and is expected to expand
to more than 1.2 trillion yen. The presence of Japanese
companies in the ultrafast laser market, however, is ex-
tremely low, and they are far behind European and
American companies.

In the present project, to enhance the presence of Japan
in this expanding industrial field, novel high-performance
femtosecond lasers will be developed based on a collabora-
tion by our laboratory, which is one of the centers of ex-
cellence in high-power laser studies, and Spectronics Co.,
Ltd., which is the only manufacturer/seller of picosecond
laser oscillators for microfabrication in Japan. The existing
femtosecond lasers have lower power efficiency and
more complicated structures compared with general
nanosecond/picosecond lasers, and therefore their sizes
inevitably become large, and the prices are not competitive.
By combining the state-of-the-art technologies in mode-
locked fiber oscillators and chirp pulse amplification, and
through optimizing the structure of the laser systems as
well as the materials of their housing in detail, we have
developed next-generation femtosecond, lasers that realize
high power output, an ultra-compact size, and ultra-
lightness in weight, simultaneously (Fig. 1).

Figure 1. The developed high-power and compact laser emitting intense
green femtosecond pulses for laser microfabrication.

Uniformity Evaluation of Laser-Induced
Periodic Surface Structures Formed by
Two-Color Double-Pulse Femtosecond Laser
Irradiation

In order to evaluate the uniformity of a laser-induced
periodic surface structure (LIPSS) we have proposed a
Perpendicular Period and Phase Scanning (P*S) method.
P*S assesses the uniformity of LIPSS using the standard
deviation of the peak period and the average of the phase
difference in the direction perpendicular to LIPSS. The P*S
method demonstrates that LIPSS formed by two-color
double-pulse irradiation is reduced to a quarter of the peri-
od dispersion, and the average phase difference of LIPSS is
also reduced compared to the single-pulse irradiation. In
addition, a three-dimensional electromagnetic particle-
in-cell simulation was performed to evaluate the possibility
of an improved uniformity of LIPSS. The results confirm
that the two-color double-pulse irradiation produces a
uniform LIPSS and validates the effectiveness of the P3S
method to assess the uniformity of LIPSS.
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Figure 2. Schematic of P>S method for evaluating the LIPSS uniformity.
(a) SEM image is divided into (b) S1-S100 segments. Then segment of S1
is performed by 1-D Fast Fourier transform (FFT), and the peak period of
1-D FFT and the peak phase are evaluated. Standard deviation (SD) of the
period and the average of the A phase are determined by calculating (c) the
period, and (d) the phase, and the A phase for each y-coordinate, the SD of
the period, and the average of the A phase.
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